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Abstract 
The application of information systems in clinical processes needs to be evaluated to maximize alignment between the new 
applied information systems and the process. This study focuses on the evaluation of a health information system (HIS) adoption 
to intra-operating management of the anesthesia process in heart operation. We conducted a case study and applied the Lean 
method to the intra-operating management process. We applied the Value Stream Map and the A3 method as the common tools 
of the Lean method to evaluate the anesthesia process. Using the value stream mapping and A3 problem solving tool assist us to 
map the process and remove the "non-value" added steps and actions in the process, enhance data integration and process 
integration. This paper and the related results can guide clinicians and practitioners in the application of the Lean method to HIS 
to reduce waste in the clinical workflows. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Program Chairs of ICTH-2014. 
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1. Introduction 
Healthcare organizations adopt health information systems (HIS) in their process. To achieve best result and 
performance from the application of information technology (IT), it is necessary to evaluate the clinical process after 
IT adoption to align the clinical workflow to information technology while implementing HIS (1, 2). A 45% fail rate 
of information systems was reported due to user resistance (3-5), so the feedback and suggestion of main users who 
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interact with an HIS is important to maximize the alignment between HIS and user routines in the clinical process. 
Since HIS implementation affects clinical workflow, application of quality management methods as one of the 
existing solutions can maximize the alignment by analysis of the process. One of the management methods which 
optimize workflow is the Lean method, which is used to analyze the process components to eliminate "non-value" 
added activities known as waste (6, 7). The Lean method and related tools are discussed in section 2.  
We applied the Lean method to the Intra-operating management process (IOMP) related to HIS, known as 
"Intelliviue Clinical Information Portfolio" (ICIP), and evaluated the process as the process owner reported certain 
problems regarding the applied HIS to the current workflow after HIS adoption. These problems include waiting and 
delay in the process, especially to record data in ICIP. The ICIP is used before, during and after operation to 
increase efficiency in anesthesia process. In the studied process, the anesthetists interact with the ICIP during 
operation. Furthermore, all patients’ vital signs such as heart beat and temperature are automatically recorded to the 
ICIP during operation. Anesthetists record all the necessary information such as dose of drugs and related comments 
during operation manually into the ICIP. The ICIP software is implemented in Malaysia’s premier heart center, 
which is the national referral center for cardiovascular disease, treating adult and pediatric patients. The IOMP 
includes all the activities during the day of operation before transferring the patient to the intensive care unit (ICU). 
The documented steps in this process include 1) Pre-induction check and review, 2) Pre-anesthesia preparation, 3) 
Anesthesia management, 4) Cardiopulmonary Bypass management, 5) Post-Cardiopulmonary Bypass, 6) Transfer 
patient to the ICU or ward.  
To have a clear understanding about the identified problems, analyze them and find the root cause of the 
problems and remove them, we applied the Lean method and its related tools to the IOMP. In section 2, background, 
we briefly introduce the Lean method and its tools. The applied method for this research is discussed in section 3 and 
followed by results and conclusion in chapter 4. 
2. Background 
The Lean method was introduced when the Toyota Production System was studied at Massachusetts Institute of 
Technology and qualified in 1988 (8), aimed to improve efficiency by eliminating "non-value added" activities 
known as waste (7) as one of the management methods. In addition, the Lean method was applied in different 
settings related to clinical process to remove waste, identify inefficiencies and improve outcome (9, 10). Waste does 
not add any value to the product or service but uses resources (11). Based on the TPS, waste can be classified in 
seven most common categories as "overproduction, waiting, transport, inappropriate processing, unnecessary 
inventory, waste of motion, and defects" (12).  
The Lean method concentrates on workflow and the existing problems to identify waste and improve the process. 
The tools we applied are first the so-called value stream mapping tool (VSM) (13, 14). In VSM, key people, 
resources, activities and information flows, which are required to deliver a service or product, are mapped 
graphically to identify opportunities to reduce waste and integrate process steps, thus improving process efficiency 
(12). The second applied tool is called A3 (15). A3 problem solving helps to search directly for the root of the 
process problem by articulation the identified problems.  
A number of studies reported the application of the Lean method in the analysis in healthcare such as operating 
theatre changeovers (16), radiology (17), academic operating room (18) with the aim of reducing waste and improve 
the process flow. However, the focuses of their research were not HIS in the context of healthcare. The aim of this 
case study preliminary was the application of Lean method in health care in relation to HIS and finds the 
possibilities for improvement and reducing waste.  
3. Method 
We conducted a case study to investigate the application of the Lean method in improving clinical processes by 
observation, unstructured interview and analysis of the workflow. The main purpose of the case study was to 
understand the ICIP application within the anesthesia process in heart operation at national heart institute, in 
Malaysia. Site observation of the process for each selected respondent involved in operation allowed us to validate 
flow of data from the start of the process to the end.  
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The selected respondents were seven consultant anesthetists, three anesthetists, three clinical specialists and six 
fellows, two senior medical officer and six attachment doctors in this case study to have a clear understanding about 
the detail of the process and involved actors.  
Based on the site observation and following each respondent in the identified process and recording the time for 
each task in the process, we mapped the IOMP in eVSM. The eVSM is a software (19) which is designed to support 
maps and other visuals commonly leveraged in lean implementations, including value stream maps. To eliminate 
waste from the clinical workflow and find the root cause of the problems, we adapted A3 method. We designed the 
"as-is" and the "to-be" process map of the studied process in eVSM.  
First we designed the "as-is" process and collected the anesthetist's feedback about the designed VSM. Later, we 
designed A3 map for each identified problem and collected respondent's feedback about them. In the last phase, we 
designed the "to-be" process which is verified with the process owner, respondents, who are familiar with the studied 
process and problems.  
4. Results 
We conducted a case study to have a better understanding about the process and to design the VSM. The detail of 
the result of observation and interview is discussed in this section. Based on our observation, all anesthetists, from 
consultant to attachment doctors, have access to ICIP. Each user has their own account. So, if more than one 
anesthetist is involved during an operation and they interact with the ICIP, all the information recorded based on the 
defined user account in the system. In addition, level of accessibility is different for each user in the system. 
The process starts by a request that is initiated by a nurse in the operation theatre (OT) to transfer the patient to 
the operation room. The OT technician transfers the patient to the assigned OT and prepares the patient for 
operation. Later, the anesthetist performs the pre-induction check and pre-anesthesia preparation in OT.  
Once the anesthetist has started the anesthesia process, he or she logs-in to ICIP and opens an "anesthesia record 
flow sheet" that was assigned to the patient. All information related to vital signs of the patient is recorded 
automatically after the anesthesia record-flow sheet has been opened. ICIP records all vital signs that are necessary 
for the anesthetist from the patient every five minutes. However, after starting by-pass process, anesthetist starts to 
enter the related data of the pre-induction check, pre-anesthesia preparation and medication into the ICIP.  
Normally more than one anesthetist is involved in the operation for one patient, so for each new record that is 
inserted or updated into the database, ICIP requests user account information to record the inserted data linked to the 
user accounts.  
Based on our observation, in every case, they had delay to start the anesthesia record-flow sheet as the form 
should be opened before anesthesia process starts  to record all the patient vital information into the database. In 
addition, two out of ten cases, the OT technician logs-in to ICIP to start the anesthesia record-flow sheet. At the end 
of the operation, the completed form is printed to keep in the patient’s file as archive.  
Based on the observation we designed the VSM and added the measured time taken in each step. Data such as the 
least, most, and average delay between steps as well as the least amount of time, the longest amount of time, and the 
average time consumed by each step were identified in the VSM is shown in Figure 1.  
The current state map presents us in which order each step of the process occurs, how long each step takes for 
completion, and the delays between each step. However, based on the average delay between steps, we calculated 
total "non-value added" time which is the sum of all average delays between steps. In addition, we calculated the 
total "value added" time for the whole process by totaling the average time for each step. The total "non-value 
added" activities are 20 minutes which is 32.36 % of the whole process. The map shows the area of waste in two 
parts. The first one is between "pre-Induction check pre-Anesthesia preparation" and "anesthesia" steps. The second 
one is between the "anesthesia" and "record vital information" steps. 
4.1. Analysis of the "as-is" map 
The measure of delay enables us to determine how much of the total time spent in the process is "value-added" as 
opposed to "non-value added" to the patient. The lowest number reflects the minimum amount of time required to 
complete the step and the highest number shows the maximum required time for the activities, which highlight 
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unusual complex sets of activities or many interruptions or work-arounds may have occurred and lead to longest 
waits.  
Once a first view of the problems was developed, we analysed the problems further. In order to find the root 
cause of the problems, we adopted root cause analysis in the A3 problem solving method to find reasons for the 
problems more in details.  
 
 
Fig. 1. The "as-is" value stream map of IOMP 
In the IOMP, we identified the "waiting" waste (Figure 1). This "waiting" waste was identified from the patient 
perspective as a patient is transferred to the OT attached room but has to wait for the anaesthetist or OT technician 
to start the process. The other identified "waiting" waste is a delay in starting the anaesthesia record-fellow sheet. As 
each of "waiting" waste has a different root cause and the solutions are different, we have developed two different 
A3 maps.  
The root-cause analysis of the problems and suggested solutions related to the first "waiting" waste is shown in 
Figure 2. The A3 map related to second "waiting" waste is shown in Figure 3. Both figures (2 and 3) are based in the 
standard format of A3 method.  
4.2. The future state map 
In the future state map, "to-be", activities inside process boxes may need to be eliminated or combined, and the 
number of steps (process boxes) may be reduced or placed in a different order. The time spent in each process box 
may be redefined and a plan to eliminate "non-value added" activities within it should be developed as the next step 
in cutting wasted activities. The future state map must be achievable and also leads us closer to the ideal state (19).  
To remove the "waiting" waste, the nurse who calls to the ward to transfer the patient to the OT attached room 
should co-ordinate with the OT technician. So, when the previous surgery is about to finish, they transfer the patient 
to the room to start pre-induction and pre-anesthesia assessment. This increases integration between the steps in the 
process. Furthermore, as the recorded information on the anesthesia record flow sheet does not start on time, and 
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therefore has a delay, the OT technician should make the form ready to record all necessary information before 
anesthesia starts. Therefore, based on the suggestions which were explained, we calculated total "value-added" and 
"non-value added" time of the process in the designed future state map in Figure 4. The total "value-added" time 
increased to 67.64 %, and total "non-value added" time decreased to 32.36 %.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Fig. 2. A3 map of Intra operating management process (delay to start operation) 
5. Discussion and conclusion 
We conducted a case study to apply the Lean method in order to remove waste from the clinical process related 
to HIS. We analyzed data which was collected from site observation, unstructured interview and analysis of 
workflow and discussed how the identified wastes can be removed from the studied clinical process. Multiple 
workflows that the actors were different were studied to validate data collection.  
In addition, we applied VSM to identify problems and wastes and developed an A3 problem solving for each 
identified problem to design the "to-be" process. Based on the Lean analysis of the process, we classified the 
identified issues in the process into "collecting", "maintaining", "organizing", "process integration" and "standard 
procedure".  
In the "collecting", the identified problems are 1) fragmented information (different information systems with no 
integration between them such as lab information systems and hospital information systems) and 2) late reporting 
such as the confirmed name of patient on the operation list, the name of patient is not entered into ICIP and delay of 
the lab report. In "maintaining", the identified problems are 1) duplicate data, such as general data of the patients 
like name, age, etc. In "organizing", the identified problem is lack of integration between different databases of 
information systems. For example, information from the lab report is recorded in another IS and should be printed 
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and be inserted manually to ICIP which increases human error in data entry. Lack of process integration is a reason 
for miscommunication. IT staff availability in the right time, in case of issue regarding the computer or the software, 
availability of the patient, availability of the room for pre-anesthesia check delayed the process that are examples of 
lack of process integration.  
"Standard work procedure" is another identified issue which means every person does not work in the same way 
and there is no standardized method of work in the process. When the activities that are included in one process are 
not standardized, it increases verbal direction for medication and reduces use of ICIP as all the information is not 
entered into the system. Furthermore, it causes more delay in the process, as well as increasing waste. 
 
 
                                                                           Fig. 3. A3 Intra operating management (delay to start recording data) 
In the assessment and redesign of the workflow related to HIS, we proposed an integrated HIS (lab, ICIP and 
hospital IS) at the database level to increase integration of features and database consistency and completeness. We 
applied the Lean method to increase collaboration and teamwork, standard the process, identify "value added" and 
"non-value added" time and increase collaboration and teamwork.  
We plotted the results of the "as-is" and "to-be" processes of "value added" and "non-value added" activities to 
identify improvements for the studied processes (Figure 5). As it is shown in Figure 5, the total "value-added" time 
in the "to-be" process decreased. The reason is that there are activities that were "value-added" but not necessary to 
be in the process and by removing those activities we simplified the process to flow.  
To assure about the correctness of the VSM, we validated every rendition of VSM with the people who are 
involved in the process and the process owner. 
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                                                                              Fig. 4. The "to-be" of Intra-operating management process 
 
 
 
 
                                                        
                                                          
                                                      Fig. 5. Comparison of the total "value added" and "non-value added" time in the IOMP 
A key advantage of the Lean transformation is to establish the culture of continuous improvement and 
organizational learning. Continuous improvement is an important point after Lean implementation to monitor and 
measure changes. For continues improvement, measuring performance effectively is necessary. Timely measures 
give us more information, and immediate feedback helps us to find the root cause of a problem faster to prevent a 
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problem occurring. As a suggestion for continues improvement, Kaizen method also could be considered as a Lean 
tool for managing suggestions from employees to engage actors in the process improvement. 
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